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LOCAL WEATHER 

Summer Temperature 
Avg. Max : 85 F
Avg. Min : 61 F

Winter  Temperature   
Avg. Max: 68 F
Avg. Min : 48 F



• Rainfall 
Summer:1.75 inch, 
Winter:13.04 inch

• Wind Speed
Avg. Max. : 8.5 MpH
Avg. Min.  : 6.2 MpH

• Max Humidity 
Summer: 86% (morning)
Winter: 68% (morning)

• Avg. morning humidity: 79%
• Avg. afternoon humidity: 65%

LOCAL WEATHER 



WESTWOOD

SUNSET BOULEVARD



OUR SITE



BUS STOP

BUS STOP
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Double diamond – SQUARE NATURE 
- HANDS

2. CONCEPT

Square – CIRCLE WAVE1. CONCEPT

100’

100’

76’

76’

38’

38’

TWO CONCEPTS



- ROOF 

- AUDITORIUM - wood



ACCESSES FOR STUDENTS

BUS

BUS

MAIN CAMPUS BUILDINGS

WAVE



SERVICE   ACCESS

MAIN 
ENTRANCE

ACCESSES

WAVE



MAIN 
ENTRANCE

SunriseSunset

Sunlight

ORIENTATION - SUN

WAVE



1 STOREY 2 STOREY 3 STOREY

VISITORSSTUDENTS FACULTY

PRIVATE
SEMI-PRIVATE

PUBLIC

ACTIVITY MODEL

WAVE



1 STOREY

WAVE



2 STOREY

WAVE



3 STOREY

WAVE
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Green roofteracce

DAYLIGHT

Entrance
lobby

SECTION a-a

WAVE



SECTION b-b

WAVE



SYNTHe: An Urban Rooftop Garden Prototype in Los Angeles

CURVY ROOF

WAVE



a) basement
b) on the roof

MECHANICAL ROOM

WAVE



- MAINTAIN THE VIEWS

W E 

ORIENTATION AND SHADING

WAVE



west

south

sun

E W 
- TREES

- VERTICAL SUNSCREENS

ORIENTATION AND SHADING

WAVE



Level 1       – CONCRETE
Level 2 & 3 – HALF-TRANSPARENT MATERIAL with Vertical Sunscreens

Laban Centre in London, Herzog & de Meuron
POLYCARBONAT

Orestad Gimnasium, Denmark
VERTICAL SCREENS

WAVE

FACADE



out

out

in

OUTSIDE 
GARDENINSIDE 

GARDEN

...connecting outside and inside greener space

...bringing daylight in the building - PATIOS

losing nature.... giving back the  nature....





CONCEPT OF 
ATRIUMS

NATURE



PARKS IN UCLA

NATURE



people

Service access –
through the 
parking garage

ACCESSES

NATURE



Outside 
auditorium

(stairs)

CANTEEN

PARK

Trees for 
shading

slope

slope

PARKING 
GARAGE

LANDSCAPING AND SORROUNDINGS

NATURE



SERVICE
ACCESS

MAIN ENTRANCE
2 storey*

ADA   ACCESS
1 storey

ACCESSES

NATURE



MAIN 
ENTRANCE

SunriseSunset

Sunlight

ORIENTATION - SUN

NATURE



1 STOREY 2 STOREY 3 STOREY

VISITORSSTUDENTS FACULTY

PRIVATE

SEMI-PRIVATE

PUBLIC

ACTIVITY MODEL

NATURE



SERVICE 
ACCESS

1 STOREY

NATURE



Main accessMAIN 
ENTRANCE

2 STOREY

NATURE



3 STOREY

NATURE
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NATURE



SECTION 1-1

NATURE



Inside garden

Green roof

Outside patio

SECTION a-a

NATURE



Inside garden

elevator

Entrance lobby Main entrance

NATURE

SECTION b-b



Orestad,Denmark, 
Gimnasium

- VERTICAL SCREENS- DOUBLE GLASSED FACADE

FACADE – CONCRETE + GLASS

NATURE



• LEARNING
• GLASS STAIRS AND ELEVATOR
• INSIDE GARDENS
• INSIDE PATIO 

Orestad,Denmark, Gimnasium

EXPERIENCE IN THE BUILDING...

NATURE



STRUCTURAL CONCEPTS

Live Loads:
Classrooms: 40 psf
Offices: 50 psf
Corridors: 100 psf
Auditorium: 100 psf
Roof (green): 100 psf

Earthquake:
Seismic Zone: High
Soil Type: D
SDS: 1.225
SD1: 0.626

Wind:
Wind Speed: <85mph
Building Class:   III
Exposure B 

Soil:
Type: Sandy soil
Bearing pressure: 5000 psf
Water depth: 15 ft
Liquefaction: No

LOADS



13
’

48’

ARCHITECTURAL CONCEPT 1                                WAVE
EVALUATION

• Challenges • Advantages
Two storey cantilever , 48 ft long (max)

62 ft span over the auditorium

Unsymmetrical layout

Strong circular closed form core

62’



FIRST FLOOR

Columns
Shear Core

COLUMN LAYOUT

WAVE



Columns
Shear Core

WAVE

SECOND FLOOR

COLUMN LAYOUT



Columns
Shear Core

WAVE

THIRD FLOOR

COLUMN LAYOUT



TYPICAL MEMBERS - STEEL

W 8 x 31
(span = 

18’)W 21 x 68
(span = 28’)

W 30 x 108 
(span =62’)

W 14 x 53
columns 

4.5 in (3+1.5”) composite 
slab

WAVE



14x 10 
(span = 18’)

28 x 16 
(span = 28’)

36x 16 (span =62’)
Post tensioned beam

14 x14
columns 

4” concrete slab
(one way)

TYPICAL MEMBERS - CONCRETE

WAVE



SOLUTION TO CHALLENGES - STEEL

HSS 16 x 0.625
Bracings @~20’ Tension

varying: 48’ max 

WAVE



FOUNDATION

Soil Info       
Sandy Soil

Bearing pressure: 5 ksf
Water depth: 15 ft

No liquefaction

Soil Info       
Sandy Soil

Bearing pressure: 5 ksf
Water depth: 15 ft

No liquefaction

Deep foundation is likely to be used

Higher loads due to 
cantilever

Smaller loads M

WAVE



• Challenges • Advantages

42’

54
’

Two story cantilever, 42 ft long

Inside openings interrupting EQ load path

The more rectangular form of the building

Allowance for the concrete core around 

the auditorium

42’

ARCHITECTURAL CONCEPT 2                                NATURE
EVALUATION



Columns
Shear Core

NATURE

FIRST FLOOR

COLUMN LAYOUT



Columns
Shear Core

SECOND FLOOR

COLUMN LAYOUT

NATURE



Columns
Shear Core

THIRD FLOOR

COLUMN LAYOUT

NATURE



W 14 x 22
(span = 19’)

W 18 x 35
(span = 19’)

W 21 x 68
(span =42’)

W 12 x 
40

4.5 in (3+1.5”) 
composite slab

NATURE

TYPICAL MEMBERS - STEEL



16x10”
(span = 19’)

22x12”
(span = 19’)

28x16”
(span =42’)

12x12”
column

4.5 in concrete slab
(one way)

NATURE

TYPICAL MEMBERS - CONCRETE



24”mat foundation

qmax = 1.1 ksf <<5 ksf

Soil Info       
Sandy Soil

Bearing pressure: 5 ksf
No liquefaction

Water depth: 15 ft

Soil Info       
Sandy Soil

Bearing pressure: 5 ksf
No liquefaction

Water depth: 15 ft

NATURE

FOUNDATION



SOLUTION TO CHALLENGES - STEEL

Diagonal grid…

31’

W 24 x 192
W 30 x 173

54’

NATURE



SOLUTION TO CHALLENGES - CONCRETE

Diagonal grid…

54’

31’

34” post-tensioned beam36” post-tensioned beam

NATURE



LATERAL LOAD PATH (WIND)

Cladding
Floor 
Diaphragm

Shear Core

NATURE



LATERAL LOAD PATH (SEISMIC)

Seismic Load 
Transferred from 
Beam into Floor 
Diaphragm

NATURE



CANTILEVER

42’ 4”

42’ 4”

NATURE



DESIGN OF CANTILEVER

12’

12’

42’ 4”
42’ 4”

NATURE



LOAD PATHS IN TOP & BOTTOM CHORDS

Cantilever 
Weight

Tension

Compressio
n

How will these loads be tied 
back in to the rest of the 
structure?

Shear Core

NATURE



ROOF TRUSS FOR TENSION LOADS

NATURE



6 bays @ 11’ = 66’

4 bays@ 
12.25’
= 49’ 6 bays @ 10’ = 60’

Shear 
Core

Cantilever Cantilever

x

y

z

5’

5’

NATURE



COMPRESSION LOADS

Plan view on next 
slide…

NATURE



9.5’
Shear 
Core

NATURE



SUN PATH

CONCEPT 1 – SUMMER TIME

@ 09:00 @ 12:30

@ 15:00
@ 18:00

WAVE



@ 09:00

@ 15:00

@ 12:30

@ 18:00

SUN PATH

CONCEPT 1 – SUMMER TIME

NATURE



BUILDING ZONES

Zone 1: Auditorium, Big Classrooms
Zone 2: Stairways, Hallways, Café
Zone 3: Seminar Rooms, Small Classrooms
Zone 4: Student Offices
Zone 5: Faculty/Administrative Offices
Zone 6: Server Room



COOLING SYSTEMS

44F/4C chilled water from CHP plant
• Scenario 1:

– Dew point cooling humidity control
• Scenario 2:

– Thermal wheel humidity control 



HEATING SYSTEMS

• Scenario 1:
– Solar panels 
– Utilization of waste heat from server room

• Scenario 2:
– CHP plant (43MW of heating)



COOLING & HEATING APPARATUS 

• Floor air diffusers
– Concentrated along exterior of the room 

• Chilled beams – passive 
– Of various lengths and widths
– Of constant height =147mm
– Spanning parallel to beams



SYSTEM LAYOUT – CONCEPT 1
ALL  AIR

CHILLED 
BEAMS

WAVE



SYSTEM LAYOUT – CONCEPT 2
ALL  AIR

CHILLED 
BEAMS

NATURE



INTEAGRATION - ARCHITECTURALLY

STANDARD UNPROTECTED GLASS



CONCEPT 1 CONCEPT 2
Mechanical Shaft Mechanical Shaft Plant Room

NORTH

Plant Room



INTEGRATION - STRUCTURALLY

CONCEPT 1 :

No. of Beam Cuts =  224 

Overall Weight of Chilled Beams = 405.2 kg

Ducts:  

Beams: 

Girders: 

Ground Floor

First Floor

Second Floor



INTEGRATION - STRUCTURALLY

CONCEPT 2 :

No. of Beam Cuts =  233 

Overall Weight of Chilled Beams = 308.8 kg

Ducts:  

Beams: 

Girders: 

Ground Floor

First Floor

Second Floor



PHASES OF A REAL ESTATE LIFE CYCLE



GROSS FLOOR AREA

33,658 36,875

Net usable area
32,969 36,446

Net assignable area
21,980 25,995

Non 
assignable 

area

Structural 
area

689

429
10,989

10,451
Audi-
torium

Labs Class-
rooms

Lounge Offices



INDICATORS TO MEASURE THE ECONOMICAL EFFICIENCY

Usable floor area / gross floor area > 0.6 ufa/gfa

Building volume / gross floor area = 3.0 v/gfa

Surface / Volume Ratio < 0.25 s/v

Circulation area / usable floor area small as possible ca/ufa



WAVE NATURE

Ufa/gfa ~ 0.65

v/gfa ~ 3.66

S/V ~ 0.22

Ca/ufa ~ 0.43

Ufa/gfa ~ 0.70

v/gfa ~ 3.66

S/V ~ 0.27

Ca/ufa ~ 0.29



CONSTRUCTION RULES CONSIDERED TO THE LIFE CYCLE

Flexibility of ventilation
- Movable covers on every axle

Flexibility of lighting
- Use BUS-System

Always ensure a good 
accessability

Flexibility of air conditioning
- Valves on every axle



FINANCE MODEL      -PPP-

Public

Private

P
artnership

Investor

Contractors

Bank

Project Team



PRELIMINARY CASH FLOW MODEL



PRELIMINARY CASH FLOW MODEL





PRELIMINARY RISK TEMPLATE



PRELIMINARY RISK TEMPLATE



PRELIMINARY RISK TEMPLATE

Unexpacted enviromental influence

Risk allocation
Project Company Owner

- Additional costs for replacements
- Less available area

-Needs alternative usable area



PRELIMINARY RISK TEMPLATE

Unexpacted enviromental influence

Risk allocation
Project Company Owner

- Additional costs for replacements
- Less available area

-Needs alternative usable area

Buffer life cycle costs
Create back up plan for alternative room use

Get insurance



CONCEPT 1 “Wave”

250’

210’100’

100’

ACCESS PATH



CONCEPT 2“Nature”

250’

210’114’

114’

ACCESS PATH



CRANE, LAYDOWN & TRAILERS 
(During steel erection)

ACCESS PATH
C

R
  

P
A

TH

C
R

  
P

A
TH

TRAILERSTRAILERS

Fencing









COST SUMMARY CONCEPT 2 
“Nature” (Steel)



6.16

7.04 7.31

6.36 



CRANE
Excavation – casting of foundation
- small capacity crane

Erection of steel
- Lattice boom crane (on crawler) 
- HVAC Equipment  (IPD allows early decision

PHASE 3 - Installation of (facades, metal studs, dry wall, piping) 
- wheel mounted Hydraulic crane 

Lattice boom crawler 
Phase 2

Wheel mounted Hydraulic
Phase 3



KEY PHASES - AUDITORIUM



KEY PHASES - CANTILEVER



KEY PHASES – MECHANICAL ROOM



SCHEDULE: WAVE - STEEL

• Faster
• Time: lab
• Fire coating
• HVAC: time
• Auditorium: 

integration
• Rainseason
• Fluctuating 

prices



SCHEDULE: WAVE - CONCRETE

• Slower
• Affect site
• Time: lab
• cost
• HVAC: heat
• Auditorium: 

concrete
• Disturbance



LEED: SITE/WATER

Remarks
• Transportation
• Heat Island 

Effect
• Open Space
• Stormwater 

Design



LEED: ENERGY EFFICIENCY

Remarks
• Conservative 
• Renewable 

Energy



LEED: MATERIALS & RESOURCES

Remarks
• Reuse
• Recycling
• Disposal
• Regional 

Materials
• Certified 

Wood
• Renewable



LEED: I.E.Q.

Remarks
• Ventilation
• Materials
• Controllability
• Daylight



LEED: RATING

• 37 points 
• Conservative Estimate
• Silver Rating
• Room For Improvement



CONSTRUCTABILITY - REPLACEMENT

Concerns now
• Life-cycle –

Time/Cost
• Alternate Use 
• Retrofitting
• Adding More Stories

Concerns later
• Future Building Site
• Use During 

Replacement
• Replacement -

Coordination
• New Regulation



ROOF, FACADE AND WINDOWS

Roof
• Crane
• Replacable Materials

Facade: 
• Coordinations Windows

Windows:
• Alterations Possible

Construction element typical life expectation 
start of operation phase after expiration of contract

roof covering 20 min 15
facade 45 rest
windows 40 min 15



INTERIORS

Inner Partitions
• Coordination Fittings/Ceilings
• Flexiblity For Future Use

Interior Fittings
• Future Change

Ceilings
• Coordination HVAC
• Hygenic Consideration/Cleaning
• Lighting Consideration

construction element typical life expectation (years)
start of operation phase after expiration of contract

inner partitions, opening 25 min 10
interior fittings 15 min 5
ceilings 25 min 10



HVAC AND INSTALLATION

construction element typical life expectation (years)
start of operation phase after expiration of contract

fittings, fixtures 15 min 5
sanitary equipment 20 min 10
mechanical equipment acc. To term of reference min 10
electrical equipment acc. To term of reference min 10
monitoring system 20 min 5
fire installations 20 min 5
elevators 20 min 5

HVAC/Installations
• Independence From Structural System

Data/Tele
• Quick Replacement
• Wireless Future

Elevator
• During Replacement



ZERO WASTE MANAGEMENT PLAN

Considerations:
• On-site Or Off-site
• Transportation 

Distance
• For What
• To Where

Possible Solutions:
• Materials
• Methods





TEAM PROCESS



PROGRAM WORK BREAKDOWN
Till Mentor Crits



PROGRAM WORK BREAKDOWN
Mentor Crits – Winter Q



PERSON BACKLOG

Architect Str. Engg.



TEAM PROCESS

Share

Discuss

Update & 
Socialize



DECISION MATRIX

AEC Team



DECISION MATRIX

AEC Team



DECISION MATRIX

Owner’s  Opinion

Owner’s priority

2

4
5

2

4

4



THE DECISION

• Owner’s Input --- Concept 2 Steel

• AEC  Team 
Concept 1 Concrete 140
Concept 1 Steel 206
Concept 2 Concrete 268
Concept 2 Steel 284 



“Nature” - Steel


